The ground-source heat pump with a floor radiation air-conditioning system has been widely used in the country. Various analyses indicate that compound air conditioning is more green energy-efficient than electrical air conditioning. This study analyzes the compound air conditioning system with respect to its running condition and key energy-saving technologies on the basis of the indoor comfort and energy consumption, respectively, of a demonstration office building. Potential uses of the compound air-conditioning system are also examined. The study confirms that the ground-source heat pump with a floor radiation air-conditioning system is relatively energy-saving. This study can be used as a reference to promote the application of this system in other fields. A number of experimental tests and an accurate simulation are conducted to develop a reliable operating plan and verify the individual parameter settings. 
Introduction
The development trend of the composite system exhibits diversity, economy, energy efficiency, and comfort. Liu, Li and Fu [1] examined the characteristics of the soil-source heat pump in cold areas. They established the mathematical model of the heat pump system, provided the simulation procedure, and performed experimental tests. The dynamic condition of the heat pump during winter in cold regions is analyzed, and the reliability of the simulation is subsequently verified. Zhang [2] analyzed the floor radiant cooling heat transfer theory and compiled the calculation program of the 2 heat transfer models with VB by using the calculation data to evaluate the thermal environment of the complex air conditioning system. These research and analytical methods have been used to improve the technology combining the heat pump and the floor radiant, which can optimize the air conditioning system. The current study presents the multi-bearing analysis of a practical project and expounds on energy-efficient measures and the effect of the composite air conditioning system on the actual operation.
Operating principle of the air-conditioning system
The application of the composite air conditioning system in engineering is a demonstration building in Jinan, Shandong Province. The building has a total floor area of 5450 m The operating principle of air-conditioning system in summer. 1-cooling tower；2-heat pump；3-energy storage tank；4-air conditioning unit；5-air outlet；6-radiant floor；7-ground heat exchanger；
Ground source heat pump system
Shallow geothermal energy is the main heat source of the soil-source heat pump, and the soil under 10 m is relatively stable. In cold areas, winter is a long time. The source heat pump can provide heat for long-term stability, which is important for energy conservation and emission reduction.
The demonstration building includes 56 wells on both sides, and each well is 100 m deep. The water temperature in the north ground heat exchanger is maintained at about 18 °C. The water temperature is slightly lower in early summer and is increased in late summer. The return water temperature ranges from 20°C to 22°C, remaining almost the same for the entire year. The return water temperature on the southern side is slightly higher than that on the northern side, which is mainly influenced by solar radiation. The south water temperature is about 19°C. Energy put into soil in summer is quite to get out from the soil in winter; thus, the structure and properties of the soil cannot markedly change. This system adequately takes into consideration the requirements of environmental protection.
Floor radiation system
The radiant floor heating system is often used for heating in winter. A low-temperature hot water flow under the floor can provide comfort and lead to a reduction in energy consumption, among many other advantages. Radiant floor heating has been widely used in many countries. Not many radiant floor cooling systems use the same system in summer, and the technology is not yet fully developed. For the cold supply, conventional radiation cooling refers to roof radiant cooling. Heat convection above the floor is weak because of the severe of radiant floor cooling located at the bottom of the whole room. Heat transfer between the indoor facilities and the wall surface mainly occurs by radiation. The proportion of the radiant cooling volume is significantly higher than that of the floor heating system [3] .
Floor radiant cooling is often presented with the problem of being contradictory to the "head cold, feet hot" health principle of air conditioning. Wang [4] explained that this view is associated with some misunderstanding. First, people hope to achieve "feet warm" mainly in the cold summer and cannot achieve the "feet cool" effect in the absence of cooling measures in the hot summer.
Second, the temperature of the floor cooling surface generally exceeds 18°C. This temperature does not affect the comfort level. Feet with shoes on do not feel cold. Third, because the temperature field in the work area with displacement ventilation is highly uniform, no "head hot" feeling of discomfort is experienced.
The floor itself has heat and inertia; that is, a short-term heat storage capacity. Building ontologies with powerful thermal inertia renders the change in indoor temperature with the temperature outside considerably small. In summer, the indoor temperature is basically maintained at 24.1°C, and the humidity ranges from 40% to 70%. The indoor temperature floating throughout the year is not more than 9°C, and the building ontology can maintain a constant temperature [5] .
Water storage system
The layered reservoir, which has a total volume of approximately 163 m 3 , is located in a separate tank in the basement. The water storage system uses the difference in the price of electricity in different quantum times, which is used to move peak electricity demand to valley electricity demand, relieving the pressure of the urban electrical load. Cold storage by water is a relatively simple form [6] , compared with other materials that can store energy. This technology in energy storage is not the province of energy saving. This technology is widely used in the industry because it can reduce operating costs, involves a simple procedure, and costs less. 
Displacement ventilation system
A fresh air unit is installed in an air conditioner room, which is located on the negative-air floor. Surface cooling uses 7 °C chilled water produced using a heat pump to cool and dehumidify indoor return air and fresh air. The indoor humidity requirement for a summer office is generally about 60%, and the indoor dry bulb temperature ranges from 24°C to 27°C. Outdoor fresh air needs to be dehumidified because the average relative humidity in Jinan is 73%, which is not comfortable. In addition, the water supply temperature of the underground radiant floor for radiant cooling is lower; when the water temperature is lower than the indoor dew point, condensation occurs near the ground, and the automatic control system regulates the relative humidity of the room by regulating the opening of the chilled water valve and the speed of the variable frequency fan.
The replacement ventilation system in the room is set as the fresh air outlet under the sill, and the return air inlet is set at the top of the room, as shown in Fig. 3 . This set-up provides a lower return circulation condition. Meanwhile, displacement ventilation can rapidly improve the quality of indoor air. In winter, the relative humidity of outdoor air is 54%. The fresh air needed by the room staff can be satisfied by opening windows and turning off the new air system, thereby reducing the operating cost of the system.
Running strategy
The operation of air conditioning is 82 days, including holidays, in Jinan in winter. (November 15-March 15 of the following year). In summer, the air conditioner runs for 66 days, excluding holidays (June 15-September 15). In winter, the experimental building uses a ground-source heat pump for heat storage in the buried pipe into the storage tank for heating. In the summer, the replacement ventilation is used to achieve independent control of the temperature and humidity of the floor radiant cooling system [7] . Two systems are used to adjust the indoor temperature and humidity, which can easily regulate the temperature and increase the comfort level of the indoor environment.
In winter, heat pump units produce hot water at 40 °C through the pipes buried under the ground. The operating time of the unit is from 21:00 to 07:00, which optimizes the low price of valley electricity to store energy, thereby reducing the operating cost. The heat is stored in a water tank measuring about 160 m 3 . Meanwhile, when the heat storage quantity reaches 4000 KW, the heat pump units shuts down. The circulating pump operates 24 h a day to carry heat to buried pipes on each floor.
In summer, the cooling tower conducts cooling. The cooling water is circulated to the condenser of the heat pump, transferring the cold water to the tank for storage via the evaporator. The surface air cooler uses the cooling water to cool and dehumidify fresh air. The fresh air system mixes return air with fresh air to conduct freeze drying and then sends the mixed air into the room by displacement ventilation. This process undertakes the sensible heat load and latent heat load. This degree of coldness has no high demand; thus, the operating time of the heat pump is from 23:00 p.m. to 07:00 a.m. Meanwhile, the heat pump unit automatically shuts down when the cool storage capacity reaches 1500 kW. The cooling system is directly linked by buried pipes running for 24 h continuously. The running equipment is only a water pump with power of 2.2 kW, and the pump can change the flow and conduct frequency conversion. The circulating water in buried pipes can provide high-temperature water of about 18 °C, which can supply buried pipes directly via the circulating water pump, undertaking most of the sensible heat load. When the indoor heat load increases to a certain degree and the direct supply system cannot satisfy user demand, displacement ventilation is also required to open to supply cold auxiliary.
Measured and analyzed

Comfort
The temperature and humidity recorder is used for experimental data acquisition. The temperature distribution in the cooling room is shown in Fig. 4 . The room temperature can be controlled between 24°C and 27°C. The figure presents the temperature of the office room at different heights, collected at 12:00 on July 12 to July 14, where 0.0 m is the temperature of the floor surface. All data meet the requirements of ISO 7730 and American Society of Heating, Refrigerating and Air-Conditioning Engineers for the difference in vertical temperature in the staff area. The reason is that the density of the air in the vertical direction of the room causes an increase in heat flow and a decrease in cold flow. The cooling mode of the system is from bottom to top; thus, the ventilator is replaced by ventilation. It can increase the air flow rate by differential pressure, effectively reducing the difference in vertical temperature in the room. Fig.4 The temperature distribution with experimental data. , and the power consumption of the unit building area is 16.386 kWh each year. This power consumption is much lower than that in other air-conditioning systems. Table 2 . The total power consumption of the demonstration building in 2015
Analysis of energy consumption
Item
Power (kWh)
Total power consumption 176190
Power consumption in peak electricity demand 43074
Power consumption in common electricity demand 55198
Power consumption in valley electricity demand 77918
Discussion and conclusion
The most prominent advantage of floor radiant heating (cooling) is the prevention of the sense of blowing generated by all mechanical air conditioning systems. In addition, uniformity of the indoor temperature can significantly improve the comfort level of the indoor environment. The floor buried tube does not occupy the interior space. The system can be used both in winter and summer, saving the machine room area. The system can also reduce the rate of initial investment and the operating cost of the air-conditioning system, particularly in summer. A radiant cooling exchanger, which cools the floor directly via a water pump (only 2.2 kW), can benefit air conditioning. The floor pipe is buried under the floor and does not produce bacterium in the condensate dish of the fan coil tube, which is harmful to the human body; thus, the quality of indoor air is again improved.
Owing to the performance of underground soil temperature, as long as the winter and summer heat and heat quantity, floor radiant heating exerts no influence on the nature of the soil body during the same period. It can also improve the performance of heat pump units and affect the coefficient. According to statistics, compared with the conventional electric air conditioning system, the soil-source heat pump system can save one-third of the operating cost [8] .
The ventilation system has to be replaced. In addition, the age of indoor air should be reduced to ensure the quality of indoor good air. It can also be used for cooling and dehumidification. Owing to the low wind speed of displacement ventilation, which usually ranges from 0.2 m/s to 0.5 m/s, indoor air has no large flow fluctuations. The velocity remains smooth, providing a more comfortable environment for workers.
The automatic control system used in the energy-efficient demonstration building is a Siemens building. The building control system adopts an advanced distributed control system, which combines distributed direct control with air conditioning control, separating the testing point of temperature and humidity in the floors of the office area. A large amount of data is gathered by central computer centralized processing. Users can view the data in an online monitoring system and their component test data expediently, as shown in Fig. 5 . The failure of the central computer cannot affect the operations of the entire air-conditioning system [9] .
The direct supply system of the buried pipe achieves the extremely low energy consumption of the air conditioning system, and the energy efficiency of the system is clearly observed. On this basis, we can optimize the control strategy to render the system intelligent, more comfortable, and energy-efficient. Energy-saving buildings are being intensively promoted. It cannot only effectively alleviate the environmental pressure; it also reduces the costs of the air conditioning system. Energy-efficient innovations can promote the development of the entire construction industry.
Prospects for development
The direct supply system of the buried pipe achieves the ultra-low energy consumption of the air conditioning system, and the economy of the system is obvious. On this basis, we will optimize the control strategy to make the system intelligent, more comfortable, energy efficient. Energy-saving buildings are being vigorously promoted, it can not only effectively alleviate the environmental pressure, but also save air conditioning system costs. Innovation of Air conditioning energy saving can promote the development of the entire construction industry.
